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Abstract
Salmonellosis is one of the most important bacterial diseases of poultry causing 
heavy economic losses. Though it can be prevented through vaccination, regu-
lar monitoring of the protective efficacy of the vaccine against field outbreaks is 
essential since antigenically dissimilar serovars may evolve compromising the 
efficacy of the vaccine. This study was, therefore, carried out to evaluate the 
protective efficacy of the currently used attenuated Salmonella Gallinarum 
9R strain vaccine against experimental challenge with field isolates of Sal-
monella strains obtained from disease outbreaks. Three Salmonella serovars 
viz Salmonella Gallinarum, Salmonella Pullorum and Salmonella Enteriti-
dis isolated and identified (phenotypically and molecularly) from outbreaks 
suspected of salmonellosis were used for the challenge experiment. A total of 
90 chickens randomly divided into 2 categories (vaccinated and non-vaccinat-
ed control) each comprising 45 birds were used for protective efficacy study. 
Each of these categories were further subdivided and randomly assigned into 
3 groups each comprising 15 birds for challenge with each of the three field 
Salmonella serovars. Chickens were vaccinated subcutaneously with live at-
tenuated Salmonella Gallinarum 9R vaccine containing 2x107 CFU per dose. 
Each group in both vaccinated and non vaccinated category were challenged 
with the three field serovars (one strain per group) through oral administra-
tion of 1 ml of bacterial suspension containing 5×107organisms. Post challenge 
follow-up showed no mortality in all vaccinated groups challenged with each 
of the three serovars while a mortality of  53.3% (N=8), 13.3% (N=2) and 0% 
was observed in S. Gallinarum, S. Pullorum and S. Enteritidis challenged non-
vaccinated groups, respectively. None of the challenge Salmonella strains were 
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recovered from liver and spleen of the vaccinated birds two weeks after chal-
lenge. In conclusion, the currently used attenuated S. Gallinarum 9R strain 
vaccine against fowl typhoid can effectively confer protection not only against 
field strains of Salmonella Gallinarum, but also cross-protection to S. Pullo-
rum and S. Enteritidis involved in causing poultry salmonellosis outbreaks in 
Ethiopia. 
Keywords: Central Ethiopia; Poultry; Salmonellosis; Vaccine efficacy
Introduction
Salmonellosis is one of the most important bacterial diseases in poultry in-
dustry causing heavy economic loss through mortality and reduced productiv-
ity. The disease is most significant because the causal agents of the disease 
are transmitted vertically from parents to offsprings (Freeman, 1985). There 
are mainly two serotypes of Salmonella enterica. namely Salmonella enterica 
subspecies enterica serovar Gallinarum biovar Gallinarum and Salmonella en-
terica subspecies enterica serovar Gallinarum biovar Pullorum that cause fowl 
typhoid and pullorum disease, respectively. Although mostly restricted to the 
gastrointestinal tract (GIT), invasive forms of S. Enteritidis are occasionally 
reported in causing salmonellosis in poultry (Barbour et al., 1999; Hinton et 
al., 1990). Salmonellae may cause varieties of clinical signs ranging from acute 
systemic disease and gastrointestinal symptoms in poultry flocks to embryonic 
problem in hatchery (Gast, 1997). Pullorum disease is usually confined to the 
first 2-3 weeks of age with occasional occurrence in adults Shivaprasad, (1997) 
while Fowl typhoid (FT) is frequently referred to as a disease of adult birds 
although there are also reports of high mortality in young birds  indistinguish-
able from those associated with pullorum disease (Threlfall and Frost, 1990). 
Fowl typhoid constitutes a considerable economic problem for poultry growers 
in developing countries. With great expansion of poultry rearing and farm-
ing, pullorum disease and fowl typhoid have become widespread problem in 
Ethiopia like other countries of the world causing heavy economic losses in 
broiler, layer and breeding flocks. Vaccination of chickens seems to be the most 
effective strategy to control the disease along with increased bio-security mea-
sures to avoid pathogen introduction into poultry farms. The available vaccine 
that has long been used in Ethiopia against the disease is a live vaccine based 
on attenuated Salmonella Gallinarum 9R strain. However, population shifts 
have been reported in Salmonella serovars due to the selective pressure result-
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ing from over years of vaccination targeting specific serovars in commercial 
poultry-associated environments (Foley et al., 2011). Since the efficacy of a 
vaccine against antigenically dissimilar serovars is reduced or absent (Foley et 
al., 2011), regular monitoring of the protective efficacy of the vaccine against 
field outbreaks is essential.
The present work is, therefore, undertaken with the objectives of evaluating 
of the protective efficacy of the currently used live attenuated Salmonella Gal-
linarum 9R strain vaccine against experimental challenge with Salmonella 
serovars currently isolated from cases of salmonellosis outbreaks.
Materials and Methods
Salmonella strains
Salmonella serovars used for the challenge experiment were isolated from a 
total of 14 disease outbreaks suspected of salmonellosis in different commer-
cial layer poultry farms in central Ethiopia during the period November 2014 
to June 2015. In all the farms with the recorded outbreaks, the chickens were 
not vaccinated against salmonellosis.
Isolation and identification of Salmonella strains
Specimen for bacteriology were collected aseptically from tissue with typical 
pathological lesions found in different internal organs (liver, heart, and spleen) 
after euthanizing  by cervical dislocation of clinically suspected chicken. Sam-
ples were collected from all ages. Bacterial isolation and identification were 
done at the National Veterinary Institute, Ethiopia. Pooled samples of inter-
nal organs (from each case) were homogenized and pre-enriched in buffered 
peptone water for 24 h at 37°C, followed by an enrichment step in Rappaport-
Vassiliadis broth for 48 h at 42°C. Droplets of the Rappaport-Vassiliadis broth 
were spread onto Brilliant Green Agar and Salmonella Shigella agar and incu-
bated for 48 h at 37°C. Colonies showing typical morphological characteristics 
of Salmonella were sub-cultured to get pure cultures for further biochemical 
and molecular identification (OIE, 2014).
Biochemical tests used for S. Gallinarum and S. Pullorum  identification in-
cluded indole test, methyl red, voges-proskauer reaction, citrate utilization, 
nitrate reduction, urea hydrolysis, triple sugar iron agar, rhamnose, maltose, 
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dulcitol  and ornithine decarboxylase (OIE, 2014). Motility agar was used to 
test the motility of isolates. 
Molecular identification of Salmonella serovars
DNA extraction was done using DNeasy Blood & Tissue kit (Qiagen, Hilden, 
Germany) according to manufacturer’s instructions. An overnight pure culture 
of the bacterial isolate at log phase of growth of each isolate was used for DNA 
extraction. Species specific oligonucleotide primers targeting Spec, SglgC and 
Sdf I genes were used in multiplex PCR (mPCR) assay for identification of the 
serotypes as described previously (Yang et al.,2014). The primers used in the 
mPCR assay are described in Table 1. 
Table 1. Primers used in multiplex PCR for identification of S. Gallinarum, S. 
Pullorum and S. Enteritidis
Primer 
name









Spec SG-F 5’- GAT CTG CTG CCA 
GCT CAA- 3’  
SG-R 5’- GCG CCC TTT TCA 
AAA CAT A -3’;
S. Gallinarum 174 and 252 Yang et al.,2014
SglgC SGP F 5’- CGG TGT ACT GCC 
CGC TAT -3’ 
SGP-R  5’- CTG GGC ATT GAC 
GCA AA -3’
S. Pullorum 252 Yang et al., 2014
Sdf I SE-F 5’- TGT GTT TTA TCT 
GAT GCA AGA GG-3’ 
SE-R) 5’- TGA ACT ACG TTC 
GTT CTT CTG G-3’
S. Enteritidis 304 Yang et al., 2014
Molecular identification of the isolates were carried out in multiplex PCR as-
say using primer pairs flanking genes specific for each serotype described by 
Yang  et al( 2014) with some modifications. The amplification reaction was car-
ried out in a final volume of 27μl comprising 2μl nuclease free water, 2μl from 
each primer pair, 10μl IQTM super mix (BIO-RAD, USA) and 3μl template. The 
PCR reaction conditions were 5 minutes at 94°C (initial denaturation step), 1 
minute at 94°C (denaturation step), 1 minute at 55°C (annealing step) and 1 
minute at 72°C (extension step) for 35 cycles with final 2 minutes at 72°C (final 
elongation step) followed by  holding at 4°C . Electrophoresis was run in TAE 
Buffer by loading 3 μl of the PCR product (mixed with loading dye) on 2% aga-
rose gel wells stained with 2ul of Ethidium bromide stock solution (10mg/ml). 
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A parallel lane was also loaded with a 100 bp DNA-marker ladder (Fermantas) 
and the products were separated at 120 V for 80 minutes then visualized under 
UV light and recorded.  The expected size of the PCR products flanked by the 
primer pairs are 174bp and 252bp for S. Gallinarum,  252 bp for S. Pullorum 
and 304 bp for S. Enteritidis.
Experimental animals and management
A total of 90 white leg horn breed chicken obtained from National veterinary 
institute (NVI) reared for specific pathogen free (SPF) egg production, were 
used for the experimental challenge and vaccine efficacy trial.  The chickens 
were kept each in individual cage and were reared and fed according to the 
recommendations of the production manuals and protocol developed at NVI 
animal handling facility. At the age of 6 weeks, the serological status of the 
birds was determined for any antibodies against Salmonella using rapid se-
rum plate agglutination test as described previously (Zancan et al, 2000).  The 
birds which gave negative reaction to Salmonella antigen were used for the 
experiment. Throughout the experiment, chickens were provided water and 
feed free of antibiotics. All animal handling and experiments were carried out 
according to the animal handling and use guidelines stipulated by Research 
and Ethics Committee of Addis Ababa University, College of veterinary medi-
cine and Agriculture.
Experimental design, immunization and challenge experiment
Chickens were randomly divided into 2 categories (vaccinated and non-vacci-
nated control) each comprising 45 birds. Each of these categories were further 
subdivided and randomly assigned into 3  groups each comprising 15 birds for 
challenge with each of the three field Salmonella serovars. Immunization was 
done by subcutaneous administration of live attenuated Salmonella Gallina-
rum 9R strain vaccine (produced at NVI; batch no Ft 1/2015) containing 2x107 
CFU per dose. 
The Challenge was conducted 2 weeks post vaccination using S. Gallinarum, 
S. Pullorum and S. Enteritidis strains isolated from cases of salmonellosis. 
Each group in both vaccinated and non vaccinated category was challenged 
with the three field serovars (one strain per group) through oral administra-
tion of 1 ml of bacterial suspension (in sterile saline) that was in log phase of 
growth containing 5×107CFU/ml. McFarland standard (HIMEDIA) was used 
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to estimate the bacterial titre where a bacterial suspension adjusted to 0.5 Mc-
Farland turbidity standard is comparable to contain a bacterial cells of 5x107 
CFU/ml on plate count (Ben et al., 2010).
Post immunization and post challenge follow-up
Before the challenge experiment, blood samples were collected from each 
chicken just before vaccination and, at 1st and 2nd week post vaccination to 
determine the presence of specific antibodies using Rapid Serum Plate Ag-
glutination test (RSPAT) according to Quinn et al.(1994).  Birds were observed for 
2 weeks post challenge during which development of clinical signs and daily 
mortality was recorded. Postmortem examination was conducted in all birds 
that died during the challenge period and in all survivors at day 14 post chal-
lenge during which scoring of gross lesions observed was done as described pre-
viously (Kiku et al., 2011). Accordingly, gross lesions of enlarged and necrotic 
foci of the liver and spleen were given scores of: 0, 1, 2, or 3 where a score of 0 
stands for no lesion, 1 for mild few necrotic foci on liver but not enlarged, 2 for 
enlarged liver but gizzard not covered and 3 for more severe lesions with giz-
zard covered with liver. Liver and spleen samples were taken for re-isolation of 
Salmonella strains from five randomly selected chicken that were sacrificed for 
postmortem examination at the end of the experiment (day 14).
Data analysis
All raw data were recorded in MS Excel 2007. Descriptive statistics were used 
in summarizing clinical data (lesion score and mortality). Mann-Whitney Test 
was employed for pair-wise comparison of lesion scores between vaccinated 
and un-vaccinated controls within the respective challenge groups. All analy-
sis was done using SPSS software version 23.
Results
Isolation and phenotypic characterization of bacteria from suspected cases of 
salmonellosis outbreak in poultry farms in central Ethiopia resulted in a to-
tal of 14 isolates showing cultural, colony and biochemical features consistent 
with the genus Salmonella which were presumptively identified as 12 of them 
as S. Gallinarum and the remaining two as S. pullorum and S. Enteritidis. The 
results of biochemical profile of the isolates are presented in Table 2.
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Table 2. Biochemical profiles of bacterial isolates obtained from suspected 
cases of salmonellosis in chicken 
Test Isolates
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Motility - - - - - - - - - - - - - +
Indole 
production
- - - - - - - - - - - - - -
Urea hydrolysis - - - - - - - - - - - - - -
Ornithine 
decarboxylase
- - - - - - - - - - - - + -
Acid production from:
Dextrose +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G+ +/ G-
Lactose - - - - - - - - - - - - - -
Sucrose - - - - - - - - - - - - - -
Mannitol +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G+ +/G-
Maltose +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- - +/G-
Dulcitol +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- +/G- - +/G-
Rhamnose - - - - - - - - - - - - + -






, fermented without gas production; +/G+, fermented with gas production; 1-13 isolates identified as S Gallinarum; 
13, isolate identified as S. Pullorum; 14, isolate identified as S. Enteritidis
Molecular identification of the isolates employing multiplex PCR with specific 
primers was consistent with the phenotypic (presumptive) identification fur-
ther confirming the isolates to be S. Gallinarum, S. Pullorum and S. Enteriti-
dis.  Twelve samples showing amplification of speC and glgC genes with PCR 
products of 174 and 252bp were identified as S. Gallinarum, one isolate with 
304 bp product as S. Enteritidis while one isolate with only one 252 bp was 
identified as   S. Pullorum. (Figure 1). 
Assessment of immune status of chickens used for the challenge experiment 
for Salmonella infection just before immunization with S. Gallinarum 9R vac-
cine showed that all of them were sero-negative. 
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Figure 1. Agarose gel electrophoresis of multiplex PCR of 14 Salmonella iso-
lates obtained from cases suspected of salmonellosis in poultry farms in cen-
tral Ethiopia. 
Lanes 1: 100bp molecular marker or ladder (Fermentas); Lanes 2-13:Isolates 
positive for  SpeC (174bp) and SglgC (252bp) genes; Lane 14:  Isolate positive 
for  Sdf I (304bp) gene; Lane 15: Isolate positive for SglgC (252bp) gene only; 
Lane N: Negative control without templateLane E: Extraction control (Rnase 
free water)
 
The percentages of chicken detected as sero-positive after vaccination ranged 
from 80% at 1st week post vaccination to peak values of 95.6% 2 weeks post 
vaccination. The findings of the immune response of vaccinated birds with S. 
Gallinarum 9R vaccine is presented in Table 3.
Table 3. Antibody response of birds after vaccination with S. Gallinarum 9R 
vaccine





0 (just before Vaccination) 45 0 0
7 days 45 36 80
14 days 45 43 95.6
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The protective efficacy and lesion scores in vaccinated and unvaccinated groups 
are presented in Table 4. In the vaccinated group, no mortality was observed 
in S. Gallinarum challenged group despite that three chicken showed slight 
depression and weakness, and pinpoint hemorrhages on the liver and spleeno-
megaly during post-mortem examination. However, in the corresponding non-
vaccinated group, 8 (53.3%) birds died with gross lesions in internal organs 
on postmortem, 5 (33.4%) showed macroscopic lesions with the remaining 2 
(13.4%) showing no lesion in internal organs during postmortem examination. 
In S. Pullorum challenged group, a single chicken from the immunized group 
had macroscopic lesion with no record of mortality while in the un-immunized 
group, 2 chickens died, 13 (86.7%) showed post-mortem lesion and 10 (66.7%) 
were with prolonged depression. In groups challenged with S. Enteritidis, no 
mortality and macroscopic lesion was observed in the immunized group while 
10 (66.7%) showed postmortem lesion, 9 (60%) of them with slight depression 
and no records of mortality in un-immunized group.  There was significant dif-
ference (p<0.05) in mean lesion scores between vaccinated and non-vaccinated 
controls in both S. Gallinarum and S. Pullorum challenged groups with higher 
lesion severity in non-vaccinated chicken (Table 4). 
Table 4. Mortality and lesions after challenge with S. Gallinarum, S. Pullorum 















Vaccinated 15 3 0.2±0.41 p<0.05 0 (0%)
Control * 15 5 2.4±1.05 8 (53.4)
S. pullorum 
Group
Vaccinated 15 1 0.07±0.26 p<0.05 0 (0%)
Control * 15 13 1.87±0.83 2 (13.3)
S.Enteritidis 
Group
Vaccinated 15 0 - 0 (0%)
Control * 15 10 0.48±0.67 0 (0%)
Total 90 32 10
*Control represent unvaccinated group.
Strains  of bacteria used in the challenge experiment (S. Gallinarum, S. Pullo-
rum and S. Enteritidis) were re-isolated and identified (using both biochemical 
and molecular methods) from internal organs (liver, spleen, and caecum) of 
chicken in unvaccinated groups 14 days after challenge but none from vacci-
nated groups (Table 5). 
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The current study showed that the live attenuated S. Gallinarum 9R strain 
vaccine provided significant protection against the most virulent strain of S. 
Gallinarum as well as cross protection against challenge with S. Pullorum and 
S. Enteritidis.
Table 5. Recovery of challenge strains from the internal organs of chicken 2 
weeks post challenge
challenge strains S. Gallinarum S. Pullorum S. Enteritidis
vaccinated Control Vaccinated Control vaccinated Control
No. of chickens 
examined for 
bacteriology 
5 5 5 5 5 5




both liver and 
spleen samples)
0(0%) 3(60%) 0(0%) 4(80%) 0(0%) 4(80%)
Discussion
Commercial poultry farming is one of the fastest growing sectors in Ethiopia 
with most farms concentrated around major cities in the central part of the 
country. One of the challenges of the growing poultry industry is salmonel-
losis causing heavy economic loss through mortality and reduced productiv-
ity. Morphological, biochemical and staining features of Salmonella strains 
isolated from suspected cases of salmonellosis outbreaks conform to the typical 
characteristics of Salmonella and were consistent with previous similar stud-
ies (Robinson et al., 2000; Rahman, 2003; Khan et al.,1998; Sujatha et al., 2003; 
Perez.et al., 2004; OIE, 2014). Molecular identification  of the isolates based on 
serotype specific primers in multiplex PCR (mPCR) assay including one isolate 
that cannot be presumptively identified phenotypically  showed the fidelity 
and discriminatory power of the multiplex PCR to provide rapid and definitive 
detection of Salmonella serotypes (Shah et al., 2005).
The isolation of a single isolate of Salmonella Enteritidis from internal organs 
from cases of salmonellosis indicates the invasive characteristics of the iso-
late which was also observed in its re-isolation from internal organs (liver and 
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spleen) of experimentally infected control birds in the challenge experiment. 
This unusual isolation of this serovar from salmonellosis outbreaks in poultry 
in the current study along with S. Gallinarum, and S. Pullorum, may alarm 
the emergence of population shifts in Salmonella serovars involved in salmo-
nellosis. Such scenario appears to be driven by a combination of factors related 
to bacterial genotype, host, and management practices (Foley et al., 2011). 
This had important implication on the success of preventive measures through 
vaccination since the protective efficacy of the currently used live attenuated 
Salmonella Gallinarum 9R vaccine may be reduced or absent against antigeni-
cally dissimilar serovars (Foley et al., 2011). This suggests regular surveillance 
of Salmonella serotypes involved in cases of salmonellosis and evaluation of 
vaccine efficacy on the prevailing serovars is essential.
Developing protective measures against Salmonella infections in chicken in-
cluding vaccination strategy, is one of the most important issues in the poultry 
industry (Lee et al., 2005; Van Immersel et al., 2005). The efficacy and useful-
ness of the live attenuated Salmonella Gallinarum 9R strain vaccine against 
Salmonella infections has been documented by several workers (Smith 1956; 
Harbourne, 1957; Harbourne et al., 1963; Lee et al., 2007).
In the current study, the immune response observed due to vaccination using 
live attenuated Salmonella Gallinarum 9R strain in a significant proportion 
of birds complements the findings of Yamane et al (2000) and Barrow et al 
(1990). The results of this also study concedes with the findings of Feberwee et 
al (2001a) that showed the significant protective efficacy of S. Gallinarum 9R 
strain vaccine against challenge with S. Gallinarum as well as cross protection 
against S. Pullorum and S. Enteritidis. Previous studies also indicated that 
this vaccine may also provide some protection against Salmonella Enteritidis 
and Salmonella Typhimurium (Barrow et al., 1990; Audisio and Terzolo, 2002).
The cross protection by Salmonella Gallinarum, 9R strain vaccine observed 
in the current study is due to the fact that Salmonella Gallinarum, Salmo-
nella Pullorum and Salmonella Enteritidis are classified as group D Salmo-
nella (Kauffman- White scheme) implying that they share similar antigenic 
structure (O-antigens 1, 9 and 12) (Ochoa-Repa´raz et al., 2004; Forshell and 
Wierup, 2006). The higher virulence of the wild strain of S. Gallinarum as ob-
served in the challenge experiment in non-vaccinated chicken might be associ-
ated with its immunogenicity (Wigley et al., 2005). The high level of antibody 
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response in vaccinated hens was considered to be due to the high agglutination 
property of the bacterial cells. 
Immunization with Salmonella Gallinarum 9R strain vaccine can also greatly 
reduce the severity of the disease in affected birds as observed in the current 
study where significantly lower lesion severity was recorded in few of the vac-
cinated chicken showing clinical signs compared to the unvaccinated controls. 
This is further complemented by the absence of Salmonella strains during re-
isolation from internal organs in the vaccinated chicken unlike that of non-
vaccinated groups challenged with any of the Salmonella strains indicating 
effective clearance of the bacteria by the immune system in vaccinated groups 
two weeks after challenge. 
In conclusion, vaccination with live Salmonella Gallinarum 9R strain vaccine 
resulted in sero-conversion in significant number (about 95%) of vaccinated 
chicken and conferred effective protection against experimental challenge with 
Salmonella Gallinarum, Salmonella Pullorum and invasive strains of Salmo-
nella Enteritidis proving its cross protective ability and usefulness as a vaccine 
against poultry salmonellosis in Ethiopia.
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